Real time quantitative PCR (RT-qPCR) requires a method to normalize the expression of target genes against an endogenous reference gene. It is known that commonly used housekeeping genes (HKGs) vary tremendously in inflammatory conditions; however information about the stability and expression of HKGs in chronic inflammatory joint disease such as rheumatoid arthritis (RA) is scarce. The expressional stability of 10 commonly used HKGs was analyzed in the neuronal (spinal cord, dorsal root ganglia) and in the musculoskeletal tissues (tendon, muscle, epiphysis, capsule, periosteum and ankle joint) using RT-qPCR in the rat model of RA. In individual tissues, suitable HKGs were selected by Ct  (│Ct control − Ct arthritis│) and further analyzed by using software programs; geNorm and normfinder. We found hypoxanthine-guanine phosphoribosyl tranferase (HPRT) as the most stable gene except ankle joint while glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was found as the least stable gene in musculoskeletal tissues. In inflamed ankle joint where no reference gene was found to be stably expressed, an inflammatory cell marker CD3 was used to normalize peptidylprolyl isomerase B (PPIB), the most homogenous HKG identified among the 10 HKGs. The normalized PPIB was then used to analyze the gene expression of neurokinin 1 (NK1), receptor of substance P, a potent pro-inflammatory mediator. We observed a 3.5 fold increase (p = 0.009) in NK1 expression in inflamed ankle joint compared to control. Our results indicate that reference genes stability should be evaluated before using them as reference during inflammatory conditions. In tissues with intense inflammatory cell infiltration, an inflammatory cell marker should be used to normalize the selected reference gene to avoid erroneous results.
Introduction
Real time quantitative PCR (RT-qPCR) is a sensitive and reproducible method for the estimation and comparative analysis of mRNA expression [1] . However, it requires a method to normalize the expression of target genes against an endogenous reference or housekeeping gene (HKG) to see the difference in RNA concentration. A prerequisite for a gene to serve as endogenous reference is that its expression level should not vary in different tissue types and under various experimental conditions. Several structural and metabolic genes have been used as internal controls; however, none of them seems to be identified as universally accepted endogenous control. Previous studies indicate that most commonly used HKGs i.e., glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and beta-actin (ACTB) show considerable variation between tissues as well as in different experimental conditions [2] . It has been reported that expression levels of both GAPDH and ACTB were unstable in pancreatic islet grafts [3] , colonic cancerous tissues [4] , asthmatic airways [5] and T-lymphocytes [6] . Little information is available about the expression of HKGs in chronic inflammatory joint diseases such as rheumatoid arthritis (RA). RA is a chronic immune-mediated disease marked by inflammation in synovium of joint and destruction of cartilage and bone. It seems reasonable to speculate that inflammatory cell infiltration can cause huge differences in the level of expression of HKGs genes leading to erroneous results. Thus, appropriate validation of HKGs is a crucial step in inflammatory conditions. Currently many methods are used for the selection of stable and reliable HKGs [7, 8] . One software-based ap-proach, developed by Vandesompele et al. [9] involves normalization of more than one housekeeping gene by using an algorithm based computer program, geNorm. GeNorm performs a pairwise comparison of candidate HKGs and ranks the potential reference genes according to their gene expression stability. Other software-based approaches include Excel-based BestKeeper [10] , and normfinder [11] . Normfinder calculates a stability value based on the combined estimate of both intra-and intergroup values and further determines the optimal reference gene among the HKGs. For the selection of most stable HKGs during inflammatory conditions we used constant amount of RNA and HKGs were selected by comparing Ct values and further analyzed by using geNorm and normfinder software.
A number of animal models closely resembling the clinical and pathological picture of RA are being used to study the mechanisms of pain, inflammation and joint destruction as well as to identify better pharmacological tools to treat RA. Adjuvant arthritis (AA) is a commonly used animal model of RA with several clinical and pathological similarities regarding inflammation, pain, synovial hyperplasia, and joint destruction [12] . It has been implicated that the neuropeptide substance P (SP) is involved in the modulation of inflammation and pain through its receptor neurokinin 1 (NK1) in inflammatory joint disorders such as RA and AA [13] . However, to our knowledge, no study has evaluated HKGs for mRNA quantification in arthritic conditions. The aim of this study was to evaluate and to validate HKGs for a reliable mRNA quantification using RT-qPCR in AA.
Materials and Methods
The study included a total of 12 female Sprague Dawley rats (bw 230 -250 g). The rats were housed 4/cage at 21˚C in a 12-hour light/dark cycle with pellets and water ad lib according to the Karolinska Institute protocol. The study was approved by the Ethical Committee of Stockholm North.
Induction of Arthritis
Arthritis was induced in 6 rats by intradermal injections of a suspension (0.05 ml) of heat-killed Mycobacteriumbutyricum in paraffin oil (10 mg/ml) into the base of the tail (day 0) under 3% -5% isoflurane anaesthesia [14] . An additional 6 rats received 0.05 ml of paraffin oil and served as control group. In rats inoculated with Mycobacterium butyrcium, signs of inflammation including bilateral paw swelling, redness and warmth were observed on days 12 -14 and sustained later on. Rats were sacrificed on day 15.
Tissue Collection and RNA Extraction
Rats were anaesthetised with sodium pentobarbitone (60 mg/kg, intraperitoneally) and decapitated. The lumbar spinal cord, dorsal root ganglia (L2 -L6), ankle joint, achilles tendon, calf muscle, tibial epiphysis, knee joint capsule and periosteum were dissected and immediately frozen in liquid nitrogen. Frozen tissues were homogenized by Mikro-dismembrator S (B. Braun Biotech International), at 2600 rpm/min for 30 seconds and dissolved in 2 -3 volumes of Trizol reagent (Invitrogen life technologies Inc., USA). RNA was then extracted and further purified using the RNeasy ® MiniKit (Qiagen, USA) following the manufacturers protocol. Spectrophotometric analysis of the sample consistently showed absorption ratio (OD) OD 260 nm /OD 280 nm = 1.8 -2.2 indicating excellent purity of the ribonucleic acids.
Real-Time Quantitative RT-PCR
Total RNA (1 μg) was reverse transcribed to cDNA with random hexamer primers using 1st strand cDNA Synthesis Kit for RT-PCR (Roche, Germany). For quantification cDNAs were diluted to 100 µl. A volume of 3 µl of individual cDNA for each HKG was used for real time RT-PCR with TaqMan 1X Universal PCR Master Mix (Applied Biosystems, Roche, Germany). Assay on Demand Kits containing corresponding primers and probes from Applied Biosystems were used. The 10 HKGs (Table 1) were evaluated as internal controls to normalize for RNA loading on ABI Prism 7700 Sequence Detection System. In addition, primers of NK1 (Rn00562004_m1) and CD3 (Rn00596773_m1) were run in the inflamed ankle joints. Data were collected in real-time during the elongation step of each cycle. Each cDNA sample was analyzed in duplicate. A standard curve was established using dilutions of cDNA from the spinal cord. Control with no template was included in each experiment. The standard curve was calculated by plotting the threshold cycle (Ct value) against the log nanograms of total RNA added to the reverse transcription reaction. The data acquired from each sample assayed was analysed for the stability of HKGs.
HKG Stability Analysis
Initially Ct  ± SEM was calculated for each HKG in the spinal cord (SC), dorsal root ganglia (DRG), ankle joint, muscle, tendon, capsule, periosteum and epiphysis as the difference of Ct values obtained in the control and arthritic rats. The Ct is defined as the number of cycles needed for the fluorescence to reach a specific threshold level of detection and is inversely correlated with the amount of template present in the reaction. Ideally, a good reference gene should have ∆Ct close to zero reflecting no change during pathological conditions. HKGs with Ct(tendon, muscle, epiphysis, capsule, periosteum and ankle joint) from the control and arthritic rats ( Table 1) . A difference in Ct values ( Ct  ) was calculated in the normal and arthritic tissues for all HKGs [15] . All HKGs with Ct  > 1 were excluded for further analysis in the tissues analysed. Thus, 18S was excluded in DRG, B2M in muscle, GAPDH and UCE in capsule, GAPDH in epiphysis and GUSB, PPIB, ACTB and ARBP in periosteum ( Table 2) . No stable HKG was identified in the inflamed ankle joint according to the Ct  criteria. We observed minimal SEM in all tissues indicating a low biological and methodological variation.
finder [11] , two Excel-based software programs in each tissue. GeNorm ranked all HKGs according to their stability by average expression stability (M) which was derived by pairwise exclusion of unstable genes to find the best pair of HKGs and further calculates pair-wise variation value V for each HKG compared to all other HKGs. Normfinder ranked HKGs by calculating the stability values on the basis of inter-and intra-group variations. An arbitrary cut-off value of 0.4 for geNorm and normfinder was used. All HKGs with the stability values more than the cut-off values were considered unstable with both programs.
GeNorm analysis. The HKGs selected on the basis of Ct  criteria were further analyzed by geNorm software program in the control and arthritic tissues. All HKGs with M value below the cut-off level of 0.4 were considered as stable while HKGs with M > 0.4 suggested unstable HKGs [16] . Based on the expressional stability (M), HKGs were ranked (Table 3(a)). Additionally, pairwise variation analysis (V) with default value 0.15 helped to choose the optimum number of HKGs for the calculation of normalization factor (NF) in each tissue. Using geNorm program, we identified PPIB/GAPDH as the most stable HKG pair in SC, ARBP/GAPDH in DRG, ACTB/ B2M in tendon, ACTB/PPIB in muscle and capsule, PPIB/ARBP in epiphysis and HPRT/B2M in periosteum
Statistics
All calculations were carried out using statview program. Differences in Ct values are shown as Ct  ± SEM and RT-qPCR data is expressed as mean ± SD. The comparison between the groups was performed by using unpaired Student t-test. Significance level was set at p ≤ 0.01.
Results

Analysis of HKG Stability
Ct  ± SEM method. 10 HKGs were run in the neuronal (SC, DRG) and in the musculoskeletal tissues (Table 4) . Pairwise variation analysis (Vn/n + 1) further indicated that inclusion of an additional gene in a selected pair of HKGs did not increase the stability of NF and accuracy of results in any of the tissues (Figure 1) . Normfinder analysis. The stability of HKGs in the control and arthritic tissues was further analyzed by NormFinder. Normfinder strengthened and further evaluated the best HKG in a group of HKGs selected by thegeNorm (Table 3(b) ). When ranking the top candidate HKG previously selected by geNorm, the normfinder identified ACTB as more stable gene than B2M in tendon (stability value = 0.18 compared to 0.23), in epiphysis PPIB was selected over ARBP (stability value = 0.07 compared to 0.11), ACTB over PPIB in capsule (stability value = 0.04 compared to 0.05) and HPRT (stability value = 0.02) was selected as more reliable gene compared to B2M (stability value = 0.03) in periosteum. However, in the neuronal tissues (SC and DRG) as well as in muscle, normfinder selected different HKGs as selected by the geNorm although in the same stability range. Thus, in the SC, ARBP (stability value = 0.14) was selected as the most stable HKG. In DRG and muscle, HPRT was selected as the most stable HKG with stability value equal to 0.05 and 0.06 respectively. In muscle, the most stable pair of HKGs as selected by geNorm was ACTB/PPIB. Correspondingly, normfinder ranked ACTB as second and PPIB as third best gene with stability value equal to 0.05 for ACTB and 0.06 for PPIB compared to 0.05 for HPRT ( Table 4) .
Stability of HKG
Our results showed HPRT as the most stable HKG in all studied tissues except the inflamed ankle joint. GeNorm calculated the stability value (M) for HPRT ranging from 0.21 to 0.32 while normfinder showed stability value between 0.01 to 0.25, all below the arbitrary cut-off value of 0.4. On the other hand, by using all three analyses GAPDH was identified as the most unstable HKG in peripheral tissues in arthritic rats. Thus, Capsule, epiphysis and ankle joint had Ct  > 1 and equal to 1.23, 1.28 and 1.89, respectively for GAPDH ( Table 2) . GeNorm calculated M for as 0.44 in muscle, 0.44 in periosteum and 0.60 in tendon. Furthermore, normfinder analyzed M equal to 0.43 in tendon, 0.75 in muscle and 1.01 in the periosteum, all above the arbitrary cut-off value of 0.4 (Tables 3(a) and (b) ).
Selection of HKG in Ankle Joint
According to Ct  analysis (see Methods) all HKGs showed significant variations in the inflamed compared to normal ankle joint. Thus, Ct  > 1 in the inflamed ankle joint for all the HKGs ranged from 1.27 for B2M to 3.63 for PPIB ( Table 2) . Considering the variability of HKGs expression in the ankle joint as a result of severe inflammation, the expression of CD3, a T-lymphocyte marker was analyzed [17] . We observed an up-regulation of CD3 expression in the inflamed ankle joint with Ct  = 3.31 ± 0.56. Subsequent normalization of all HKGs with CD3 resulted in the differences in control and arthritis ankle joint ranging from 16.7% for PPIB to 79.4% for B2M. All the HKGs showed significant differences except PPIB and ACTG (Figure 2) . The difference between the normal and inflamed ankle joints was 40.2% when ACTG normalized with CD was used but interestingly did not reach the level of significance (p = 0.07). The same difference for PPIB was 16.7% suggesting PPIB be the most homogenous HKG when normalized with CD3 (p = 0.6) (Figure 2) . Therefore CD3-normalized PPIB (PPIB/CD3) was selected to analyse the gene expression of NK1 in inflamed ankle joint. 
Evaluation of CD3-Normalized HKG in Ankle Joint
Following the identification of PPIB/CD3 as the most stable HKG, it was tested as an internal control in inflamed ankle joint. Previous reports have shown increased expression of NK1 in inflamed tissues [13, 18] . Consequently, we normalized NK1 expression in the control and inflamed ankle joints both with the nonnormalized and CD3-normalized PPIB expression. We observed a down-regulation of NK1 expression by 3.2 fold (p = 0.06), when non-normalized PPIB was used, whereas an up-regulation of NK1 expression by 3.5 fold (p = 0.009) was demonstrated after normalizing PPIB with CD3 which was comparable with the results when NK1 data was analyzed without using any HKG (5.5 fold increase, p < 0.0001) (Figure 3) . 
Discussion
This study clearly highlights the importance of HKGs validation for analysis by RT-qPCR. Our results showed that the most stable HKG or the geometric mean of two most stable HKGs should be used as internal control to normalize genes of interest. We have demonstrated that most commonly used HKG, GAPDH is not stably expressed and therefore not suitable for normalization in peripheral tissues during inflammatory conditions. Moreover, our study indicates that in heavily inflamed tissues, normalization of HKGs, by an inflammatory cell marker, can be employed as an additional strategy.
To study the effects of inflammation on the expression of commonly used HKGs, we used adjuvant arthritis rat model which closely resemble the clinical, pathological and etiological picture of RA. Like RA, there is bilateral symmetrical involvement of peripheral joints where an intense inflammatory cell infiltration is identified in the hypertrophied synovium leading to cartilage and subchondral bone destruction. The pathological changes are not only confined to ankle joints but also observed in the draining lymph nodes, spleen, lever and the neuronal tissues like dorsal root ganglia and spinal cord.
It is known that for a reliable mRNA quantification, a stable internal control gene is a prerequisite which should express an inherent stability regardless of the experimental conditions. A number of studies have shown that the expression of commonly used HKGs vary not only between the different tissues in normal condition but also in pathological tissues [2] [3] [4] [5] [6] . Consistent with these observations, our present study reports that during peripheral inflammation, most of the commonly used reference genes are up-regulated in the peripheral and neuronal tissues. In the inflamed ankle joints with intense inflammatory cells infiltration, none of the ten HKGs used in this study was found to be expressed in a stable manner. It is known that inflammation not only change the phenotype of pro-inflammatory mediators like cytokines and neuropeptides but also trigger an increased expression of inflammatory mediators in the target organs. Thus, in adjuvant arthritis we have previously shown an increased expression of substance P and calcitonin gene-related peptide, the known pro-inflammatory neuropeptides, in the inflamed ankle joints as well as their increased synthesis in the corresponding dorsal root ganglia [19] . It is reasonable to speculate that the inflammatory reaction in the ankle joint and other tissues in adjuvant arthritis change the gene expression of neuropeptides but also the HKGs observed in this study.
Present study clearly demonstrates the importance of employing multiple approaches to select the reliable and stable HKG/s to detect the difference in target genes in conditions like adjuvant arthritis. A number of commonly used HKGs should be included and tested in indi-vidual tissues before a suitable HKG is selected for comparative analysis using RT-qPCR. Furthermore, the available methodologies like Ct  , geNorm and normfinders are recommended to utilize to further refine the selection of HKGs in order to avoid erroneous results. In the present study of adjuvant arthritis where inflammation affects all the analyzed tissues, application of Ct  method identifies and discards 8 out of 10 HKGs not suitable to be used as reference genes in DRG (18S), muscle (B2M), capsule (GAPDH/UCE), epiphysis (GAPDH) and periosteum (GUSB/PPIB/ACTB/ARBP). None of the 10 HKGs was found stable in inflamed ankle joints by this method. We then select the stable HKGs based on Ct  criteria in individual tissues and further analyzed by geNorm and normfinder. Using geNorm program, we identified 6 different pairs of HKGs suitable to be used as reference genes in spinal cord (PPIB/ GAPDH), DRG (ARBP/GAPDH), tendon (ACTB/B2M), muscle/capsule (ACTB/PPIB), epiphysis (PPIB/ARBP) and periosteum (HPRT/B2M) but could not identify a common pair of HKGs to be used in all the tissues again highlighting the importance of testing a number of HKGs in individual pathological tissues. The results also indicate that adding a third HKG to a selected pain does not increase the stability and sensitivity of the pair. Also, geNorm program fails to identify a pair of stable HKGs in the inflamed ankle joints.
We then apply the normfinder program to further refine and select the best HKG in a pair of HKGs as selected by geNorm in individual tissues. Comparing the results of both programs, it is interesting to find that the top ranked HKGs more or less retain their positions in most of the peripheral tissues studied. It is safe to say that the reproducibility of the results obtained by the two methods reflects the inherent stability of the selected reference genes in a particular tissue. However, in spinal cord, DRG and muscle, minor differences were observed in the ranking of HKGs between the geNorm and normfinder methods, although the differences between the selected HKGs were in the acceptable range. Similar discrepancies have been reported earlier and our results are in line with previous reports [8, 20] . It is assumed that minimal differences within the calculation algorithms of each applet may cause the observed differences in the ranking positions [8, 20, 21] , probably due to the reason that the two programs use different methods for calculations. GeNorm calculates the stability value M on the basis of geometric mean expression levels. This program is not designed to choose a single gene rather it selects the best pair of HKG based on pairwise analysis. The principle is that the expression ratio of two ideal HKGs is identical in each experimental condition. Variations in expression ratio in tested HKGs can be due to the variation in one or both genes. Normfinder on the other hand, is a more model-based program that calculates stability value based on inter-group and intra-group variations and chooses single best HKGs.
It has been reported that GAPDH is one of the most commonly used HKG even though several reports indicated that GAPDH is not stable in different tissues and during different experimental conditions [7, 22, 23] . Our results based on 3 different methods to select a stable HKG among 10 HKGs confirm that GAPDH is not suitable to be used as a reference gene to normalize the target gene expression in inflammatory tissues and can lead to totally misleading results. In our experiments, HPRT was the only HKG which was consistently ranked as a stable HKG in all the inflammatory tissues except ankle joint.
We were unable to identify any stable HKG among the ten commonly used HKGs in the inflamed ankle joint. We observed a significant up regulation of all HKGs in the ankle joint during inflammation compared to normal ankle joint. This change in the expression of HKGs is probably due to the reason that there is intense infiltration of various inflammatory cells in the ankle joint compared to other tissues in AA. The synovium of ankle joint in AA like RA transforms from relatively few cellular structure into a hyperplastic invasive tissue teeming with immunocompetent cells like lymphocytes, NK-cells, neutrophils and macrophages etc. T-lymphocyte is the most abundant and important cell present in the inflamed synovium which participate in the induction and maintenance of disease process. CD3 is a well known cell marker for T-lymphocyte.
In the present study, a significant up regulation of CD3 expression was demonstrated along with similar increased expression of HKGs in the inflamed ankle joint. It is clear that increased CD3 expression is due to intense inflammatory cell infiltration in inflamed ankle joint and we believe the same reason behind the increased expression of all the tested HKGs making them unstable to be used as reference genes. When all the HKGs were normalized with CD3 to remove the effects of inflammatory cells on HKGs, PPIB was found to be the least effected HKG. When normalized and non-normalized PPIB with CD3 was used to study the change in the expression of NK1, a receptor of pro inflammatory neuropeptide SP, opposite results were seen. A down regulation of NK1 expression was demonstrated when non-normalized PPIB was used and an expected significant up regulation of NK1 was observed with CD3 normalized. An increased expression of NK1 was also seen in the inflamed joint when no HKG (raw data) was used. Tricarico et al. encountered the similar problems when they could not identify appropriate HKGs in human breast tissue biopsies [23] . They suggested normalization of target genes with total RNA concentration as an acceptable method. Other suggested strategies are the measurements of sam-ple volume, genomic DNA or incorporating alien molecules [24] .
Conclusion
Thorough investigations of the expression pattern of HKGs should be performed before using them as internal control in inflammatory joint disorders. Furthermore, in tissues with intense inflammatory cell infiltration, an inflammatory cell marker should be used to normalize the selected HKG to avoid erroneous results.
